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ABSTRACT 

A statistical study of global galaxy parameters can help to improve our understanding 
of galaxy formation processes. In this paper we present the analysis of global galaxy 
parameters based on optical and near-infrared observations of a large sample of edge- 
on disc galaxies. 

We found a correlation between the ratio of the radial to vertical scale parameter and 
galaxy type: galaxies become systematically thinner when going from SO's to Sc's, 
whereas the distribution seems to level off for later types. 

The observed scale length ratios (and thus the radial colour gradients) largely represent 
the galaxies' dust content. On average the colour gradients indicated by the scale 
length ratios increase from type Sa to at least type Sc. For galaxy types later than Sc, 
the average colour gradient seems to decrease again. 

The distribution of if-band (edge-on) disc central surface brightnesses is rather flat, 
although with a large scatter. However, the latest- type sample galaxies (T > 6) show 
an indication that their average disc central surface brightnesses may be fainter than 
those of the earlier types. This effect is probably not the result of dust extinction. 

Key words: dust, extinction; galaxies: fundamental parameters; galaxies: photome- 
try; galaxies: structure 



1 A STATISTICAL ANALYSIS 

A study of the statistical properties of highly inclined, or 
"edge-on" galaxies benefits greatly from the special orienta- 
tion with respect to the line of sight of such galaxies. Obser- 
vations of edge-on galaxies provide us with direct measure- 
ments of the luminosity and colour distributions both per- 
pendicular to the galaxy planes and along the galaxies' ma- 
jor axes at various heights above the plane. Indirectly, these 
luminosity distributions can be related to the galaxies' den- 
sity distributions and thus their global structure. Moreover, 
in-depth knowledge of the dust distribution, and hence the 
optical depth of galaxies, is important for our understanding 
of galaxy evolution. 



1.1 The flattening of exponential discs 

A major advantage of studying highly inclined galaxies is 
that one can determine their radial and vertical scale pa- 
rameters directly and independently, since the dependence 
of these parameters on inclination is smallest for the highest 
inclinations (e.g., van der Kruit & Searle 1981a; de Grijs et 
al. 1997). These scale parameters provide us with informa- 
tion about the intrinsic shape of galaxy discs, i.e., their flat- 
tening, in a more direct way than the canonical axis ratios. 
Moreover, since the vertical scale height, zo = 2h z (where 



h z is the exponential scale height), is to first order indepen- 
dent of radius (e.g., van der Kruit & Searle 1981a, b, 1982a; 
Kylafis & Bahcall 1987; Shaw & Gilmore 1990; Barnaby & 
Thronson, Jr. 1992; but see de Grijs & Peletier 1997), the 
radial to vertical scale parameter ratio, hn/zo, can often be 
determined more accurately than the major to minor axis 
ratio. 

By studying the scale parameter ratio statistically, we 
may be able to put constraints on the disc formation pro- 
cesses as well as on the stability of galaxy discs (e.g., Bot- 
tema 1993). When considering the physical processes that 
determine the scale parameters one does not immediately 
expect a strong correlation between scale length and scale 
height. The scale height is likely determined by the inter- 
nal, secular evolution of the stellar velocity dispersion (e.g., 
van der Kruit & Searle 1981a; Carlberg 1987), whereas the 
scale length is basically the result of the composition of the 
protogalaxy (Fall 1983; van der Kruit 1987). 

However, one might expect that in a larger disc, with a 
greater rotation velocity, the heating of the disc stars may be 
more violent, thus resulting in a larger scale height. There- 
fore, one may expect a correlation between the rotation ve- 
locity (which can be related directly to the scale length) 
of a galaxy disc and the scale height, although the precise 
dependence is yet unknown (see, e.g., Bottema 1993). 

Thus, statistics on the ratio of scale length to scale 
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height can be expected to give information on the impor- 
tance of the formation processes in disc galaxies with differ- 
ent properties. 

Moreover, once the hn/zo ratio is known, one may be 
able to determine the (theoretical) maximum rotation of a 
disc from measurements of the vertical disc dispersion (Bot- 
tema 1993). Therefore, a statistical treatment of the scale 
parameter ratio may put general constraints on both the 
kinematical properties and the global stability of galaxy 
discs. 

Bottema (1993) predicts that a constant value for the 
hn/zo ratio leads to a more or less constant mass-to-light 
ratio of the old disc, (M/L)b, under the assumption that 
we are dealing with exponential, locally isothermal discs 
with a constant ratio of vertical to radial velocity disper- 
sion. On the other hand, if we assume a linear relationship 
between the old-disc absolute luminosity and the vertical ve- 
locity dispersion, Bottema (1993) shows that, for a constant 
(M/L)b, the Hr/zq ratio decreases rapidly from faint galax- 
ies to a constant level for normal and bright galaxies. Thus, 
in general, the observed velocity dispersions imply that a 
constant old-disc mass-to-light ratio results in an approxi- 
mately constant scale parameter ratio, whereas a constant 
scale parameter ratio also leads to a mass-to-light ratio that 
is, to first order, constant. 

In fact, these predictions imply that all galaxy discs are 
governed by equal mass-to-light ratios in the old stellar pop- 
ulations, assuming that all galaxy discs have approximately 
the same colour (Bottema 1993). 

However, the assumption of a constant and equal mass- 
to-light ratio of the old-disc population in disc galaxies is 
probably not physically realistic, considering the range of 
colours observed within and among galaxies (e.g., de Jong 
1996c, and references therein). Therefore, the predicted re- 
lationships should be treated with caution and only be used 
as general guidelines. 



1.2 Colour gradients as diagnostics 

Broad-band colours are relatively easy to obtain and are 
therefore the most widely used colour diagnostics to date. 
They immediately reveal the approximate nature of a 
galaxy, which is to first order determined by its dominant 
stellar population and dust content. 

Although for the detailed analysis of galaxy luminosity 
and colour profiles one needs to adopt a priori assumptions 
concerning the evolutionary stellar population synthesis, the 
initial mass function, the metallicity and the star formation 
history, as well as about the dust geometry and its character- 
istics, de Jong (1996c) shows that the colours formed from 
different broad-band combinations correlate strongly, which 
indicates that these colours are probably caused by the same 
physical process. Therefore, broad-band colours can be used 
as indicators of changes in the gross properties of galaxies 
(e.g., changes in metallicity and/or dust contamination). 

All systematic colour differences induced by stellar pop- 
ulation changes and metallicity gradients are generally con- 
siderably smaller than the reddening due to dust, however. 



1.2.1 Radial colour gradients in edge-on disc galaxies 

In contrast to the large number of studies of radial colour 
gradients in moderately inclined and face-on spiral galax- 
ies (e.g., de Jong 1996c, and references therein), the colour 
behaviour of highly inclined and edge-on galaxies has not re- 
ceived much attention. In highly inclined galaxies, the study 
and interpretation of intrinsic colour gradients is severely 
hampered by the presence of dust in the galaxy planes, which 
causes the dust lane to appear as a red feature in vertical 
colour profiles (e.g., Hamabe et al. 1979; Hegyi & Gerber 
1979; van der Kruit & Searle 1981b; Jensen & Thuan 1982; 
de Grijs et al. 1997). 

In individual edge-on galaxies, it is generally found that 
the colours along the major axes, i.e., the locations of the 
dust lanes, remain nearly constant (e.g., Sasaki 1987; Wain- 
scoat et al. 1990; Aoki et al. 1991; Peletier & Balcells 1997), 
although in most cases the outermost disc regions tend to be 
slightly bluer on the major axis (e.g., Sasaki 1987), which 
may be explained in terms of an increasingly metal-poor 
population or a decreased amount of dust at larger galac- 
tocentric distances. Generally, as the height above the dust 
lane and its embedded young disc increases, the radial colour 
gradients become small or statistically insignificant (e.g., 
Hamabe et al. 1979, 1980; van der Kruit & Searle 1982a,b; 
Jensen & Thuan 1982; Peletier & Balcells 1997). 

1.2.2 Colour gradients from scale length ratios 

Since the dust influence varies as a function of passband, 
scale length ratios could be used as a diagnostic to estimate 
colour gradients and the dust content of a given galaxy. 

Evans (1994) studied the effects of dust on the stellar 
scale length as a function of wavelength, under the assump- 
tion that the resulting scale length differences are solely due 
to dust absorption. His models predict that these differences 
are small, at least for face-on galaxies, on the order of the 
observational uncertainties, and even smaller for galaxies 
with a prominent bulge component. According to his mod- 
els, if the scale height ratio between dust and stars is ~ 0.5 
(Peletier & Willner 1992; Evans 1994), Evans' (1994) mod- 
els exclude face-on galaxies with hs/hH ~ 2. On the other 
hand, larger ratios can be obtained if a galaxy is inclined 
with respect to the line of sight. 

The measurement of blue to red scale length ratios alone 
will not unambiguously reveal the dust content of a given 
galaxy, because any deviation from unity can equally well 
be explained by an intrinsic colour gradient, especially for 
face-on galaxies (Byun et al. 1994). 



2 SAMPLE SELECTION, OBSERVATIONS, 
AND DATA REDUCTION 

To study the structural parameters of edge-on spiral galaxies 
we selected a statistically complete sample taken from the 
Surface Photometry Catalogue of the ESO-Uppsala Galaxies 
(ESO-LV; Lauberts & Valentijn 1989) with the following 
properties: 

• their inclinations are greater than or equal to 87°; 

• the angular blue diameters (-D25) are larger than 2. '2; 

• the galaxy types range from SO to Sd, and 
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• they should be non-interacting. 

The inclinations were determined following Guthrie 
(1992), assuming a true axial ratio logiio = 0.95, corre- 
sponding to an intrinsic flattening qo = (b/a)o of 0.11. From 
this intrinsic flattening the inclinations i were derived by 
using Hubble's (1926) formula 

cos 2 i = (q 2 - <jo)/(l - qo), (1) 

where q = b/a is the observed axis ratio. 

Of the total sample of 93 southern edge-ons, an arbi- 
trary subsample of 24 galaxies was observed in the near- 
infrared K' band in two observing runs of 4 and 3 nights, re- 
spectively. The selection of these 24 observed sample galax- 
ies depended solely on the allocation of telescope time; the 
galaxies cover the southern sky rather uniformly. 

By applying a V/V max completeness test (e.g., Davies 
1990; de Jong & van der Kruit 1994) we derived that the 
ESO-LV is statistically complete for diameter-limited sam- 
ples with Df 5 > l.'O. To check the completeness of our 
subsample, we calculated, based on a limiting diameter 
Df 5 > 2. '2, that V/Vmax = 0.502 ± 0.253, which implies 
statistical completeness. 

The near-infrared observations were obtained with the 
IRAC2B camera at the ESO/MPI 2.2m telescope of the Eu- 
ropean Southern Observatory (ESO) in Chile. The IRAC2B 
camera is equipped with a Rockwell 256x256 pixel NIC- 
MOSS HgCdTe array. For both observing runs, in July 1994 
and January 1995, we used the IRAC2B camera with Ob- 
jective C, corresponding to a pixel size of 0."491 (40 )im) 
and a field of view of 125" x 125". The near- infrared array 
is linear to within 1% up to ~ 18, 000 counts for exposure 
times > 1 sec (see, e.g., de Grijs 1997). 

At both runs we used the K' filter available at ESO 
(central wavelength A c = 2.15/xm, bandpass AA = 0.32/zm). 
We chose to observe in K' rather than in K band (with 
A c = 2.2/xm, and AA = 0.40/zm), since the K' band is almost 
as little affected by dust as the K band, but has a lower sky 
background (Wainscoat & Cowie 1992). 

We took sky images and object frames alternately, both 
with equal integration times (in sequences of 12 x 10s), and 
spatially separated by ~ 5'. 

An overview of the near-infrared observations can be 
found in de Grijs et al. (1997). 

The major part of the (supplementary and additional) 
optical B and /-band observations of our sample galaxies 
were obtained using the Danish 1.54m telescope at ESO, 
equipped with a 1081x1040 pixel TEK CCD with a pixel 
size of 24/im (0.36 "/pix). The field of view thus obtained is 
6'. 5 x 6.'2. The TEK CCD was used in slow read-out mode 
in order to decrease the pixel-to-pixel noise. The CCD used 
is linear to within 1% up to 44,000 counts and saturates at 
65,536 counts. 

Gaps in the observed sample were filled in by service ob- 
servations with the Dutch 0.92m telescope at ESO, equipped 
with a 512x512 pixel TEK CCD. It has a pixel size of 27 /zm 
(0.44"/pix), corresponding to a field of view of 3. '9 x 3. '9. 
The CCD is linear to within 1% over the full 16-bit dynamic 
range. 

At both telescopes we used the standard Johnson B 
filter and the Thuan & Gunn (1976) / filter, which charac- 
teristics match those of a Johnson / filter (Buser 1978). Both 



telescopes were used in direct imaging mode, at prime focus. 
Details of the specific observations can be found in Table |l| 
For all observed galaxies we determined the colour 
terms required for the calibration using standard stars (Ta- 
ble|). 

During the reduction of the near-infrared observations, 
each sky frame was compared with the two sky frames taken 
nearest in time in order to detect stars in the sky frames. 
These stars were filtered out by using a median filter and 
thus the resulting cleaned sky images are very similar to the 
actual sky contributions. 

To circumvent the effects of bad pixels and to obtain 
accurate flatfielding we moved the object across the array 
between subsequent exposures. Therefore, for most galaxies 
mosaicing of either 4 or 8 image frames was required to ob- 
tain complete galaxy images. The mosaicing was done by 
using common stars in the frames to determine the exact 
spatial offsets. In the rare case that no common stars could 
be determined, we used the telescope offsets as our mosaic- 
ing offsets. The overlapping area was used to determine the 
adjustment of sky levels needed by means of a least squares 
fit. 

Bad pixels and bad areas on the array were masked 
out and not considered during the entire reduction process. 
Only after mosaicing was finished, the areas that still did 
not contain any valid observations were interpolated by a 2- 
dimensional linear plane fit (see Peletier [1993] for a detailed 
description of the reduction method used). 

The calibration of the near-IR observations was done by 
using the SAAO/ESO/ISO Faint Standard Stars (Carter & 
Meadows 1995). We used the corrections published by Wain- 
scoat & Cowie (1992) to transform the K' measurements to 
the K band. The accuracy of the K'-ha.nA zero-point offsets 
we could reach was ~ 0.08 mag at both observing runs. The 
limiting factors here were flatfielding errors. 

The optical images were reduced following standard re- 
duction procedures (see de Grijs & van der Kruit 1996); for 
the calibration of these observations Landolt fields were used 
(Landolt 1992). The optical calibration could be done to an 
accuracy of ~ 0.03 — 0.05 mag, depending on the telescope 
and observing run. 

Both our optical observations and the K'-h&nA data 
were taken at photometric (parts of) nights. 

2.1 Internal and external consistency checks 

2.1.1 Internal consistency checks 

To get an impression of the quality of our observations, we 
performed both internal and external consistency checks. 
We observed some of our sample galaxies more than once 
through the same filter either with the same telescope but 
on different nights, or with a different telescope during an 
other observing run. These observations provide us with an 
internal consistency check. Fig. [l] shows the difference be- 
tween minor axis profiles observed in optical passbands on 
different nights or with a different telescope, with indepen- 
dent determinations of the calibration coefficients. The error 
estimates are based on the sky noise. Details of the specific 
observations that were used to determine the difference pro- 
files of Fig. Fjl are given in Table ^. 

In Fig. H a comparison between near-infrared observa- 
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Figure 1. Comparison of the optical minor axis profiles obtained on different nights or with different telescopes. Details of the observations 
are given in Table |ij 



tions obtained on different nights is shown. We notice a 
significant difference between the individual observations of 
both ESO 263-G15 and ESO 446-G18 of up to 0.2 mag. This 
difference is likely due to the slightly varying response of the 
IRAC2B detector as a function of position across the array. 
The accuracy of the final, combined K' images is within the 
observational zero-point uncertainties, however. 

The difference minor axis profiles in Figs. ^ and ^| show 
that in general the internal consistency is well within the 
zero-point and sky errors; the latter ones being generally of 
order 0.1-0.2 mag. In some cases differences in seeing show 
up in the central parts of the minor axis profiles as pro- 
nounced features in the difference profiles. We conclude that, 



although our observations are internally consistent, care has 
to be taken when interpreting the light at large distances 
from the galaxy planes, since at those distances the differ- 
ence between individual observations can amount up to a 
few tenths of a magnitude. In a few cases, like for ESO 315- 
G20 and ESO 435-G14, the errors are large due to the low 
signal-to-noise ratio in either of the minor axis profiles used. 



2.1.2 Comparison with published observations 

Luminosity profiles of edge-on galaxies observed with mod- 
ern detectors are scarcely available in the recent literature. 
For the galaxies in our present sample, a few individual 
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Table 1. Optical observations of the sample galaxies. 

Columns: (1) Galaxy name (ESO-LV); (2) Telescope used (Dan 
1.5 = Danish 1.54m; Dut 0.9 = Dutch 0.92m); (3) Date of ob- 
servation (ddmmyy) (4) Passband; (5) Exposure time (sec); (6) 
Seeing FWHM ("). 



Galaxy 


lei. 


Date 


Band 


Exp. time 


Sccinj 


V 1 ) 


( 2 ) 


W 




(5) 


W 


026-G06 


Dan 1.5 


090794 


B 


2x1800 


2.1 




Dan 1.5 


090794 


I 


2x900 


1.6 


033-G22 


Dan 1.5 


120194 


B 


2x1500 


1.7 




Dan 1.5 


120194 


I 


2x900 


0.9 


041-G09 


Dan 1.5 


100794 


B 


2x1800 


1.7 




Dan 1.5 


100794 


I 


2x900 


1.4 


074-G15 


Dan 1.5 


110794 


B 


2x1800 


1.5 




Dan 1.5 


110794 


I 


2x900 


1.3 


138-G14 


Dan 1.5 


080794 


B 


2x1800 


2.2 




Dan 1.5 


080794 


I 


2x900 


1.6 


141-G27 


Dan 1.5 


090794 


B 


2x1800 


1.4 




Dan 1.5 


090794 


I 


2x900 


1.2 


142-G24 


Dan 1.5 


110794 


B 


2x1800 


1.2 




Dan 1.5 


110794 


I 


2x900 


1.4 


157-G18 


Dan 1.5 


100194 


B 


2x1500 


1.1 




Dan 1.5 


100194 


I 


2x900 


1.2 


201-G22 


Dan 1.5 


090194 


B 


2x1500 


1.3 




Dan 1.5 


090194 


I 


2x900 


1.2 


202-G35 


Dut 0.9 


051094 


B 


2x1800 


1.4 




Dut 0.9 


061094 


I 


2x900 


1.2 


235-G53 


Dan 1.5 


110794 


B 


2x1800 


1.4 




Dan 1.5 


120794 


I 


600 


1.5 




Dut 0.9 


170396 


I 


1200 


1.3 




Dut 0.9 


210396 


I 


1200 


1.3 


240-G11 


Dut 0.9 


051094 


B 


2x1800 


1.6 




Dut 0.9 


061094 


B 


2x1800 


1.6 




Dut 0.9 


051094 


I 


2x1200 


1.6 




Dut 0.9 


061094 


I 


2x1200 


1.6 


263-G15 


Dan 1.5 


120194 


B 


2400 


1.1 




Dan 1.5 


090194 


I 


900 


1.0 




Dan 1.5 


100194 


I 


600 


1.1 




Dan 1.5 


120194 


I 


900 


1.0 


263-G18 


Dut 0.9 


100493 


B 


2400 


1.7 




Dut 0.9 


110493 


R 


720 


1.3 




Dut 0.9 


190194 


I 


2x900 


1.2 


269-G15 


Dut 0.9 


130493 


B 


2400 


2.1 




Dut 0.9 


130396 


I 


2x1200 


1.3 


286-G18 


Dan 1.5 


110794 


B 


2x1200 


1.3 




Dan 1.5 


090794 


I 


2x900 


1.3 


288-G25 


Dut 0.9 


051094 


B 


2x1800 


1.3 




Dut 0.9 


051094 


I 


2x1200 


1.3 


311-G12 


Dan 1.5 


120194 


B 


2x1500 


1.0 




Dan 1.5 


120194 


I 


2x900 


1.0 


315-G20 


Dan 1.5 


090194 


B 


2x1500 


1.4 




Dan 1.5 


090194 


I 


2x900 


1.7 


321-G10 


Dut 0.9 


280493 


B 


2400 


1.3 




Dut 0.9 


280493 


I 


300 


1.2 


322-G73 


Dut 0.9 


270493 


B 


2400 


1.6 




Dut 0.9 


230396 


I 


2x1200 


1.2 


322-G87 


Dut 0.9 


270493 


B 


2400 


1.6 




Dut 0.9 


270493 


I 


300 


1.3 


340-G08 


Dan 1.5 


100794 


B 


2x1800 


1.6 




Dan 1.5 


100794 


I 


2x900 


1.3 


340-G09 


Dan 1.5 


100794 


B 


2x1800 


2.0 




Dut 0.9 


140396 


I 


2x1200 


1.4 


358-G26 


Dan 1.5 


120194 


B 


2x1500 


1.0 




Dan 1.5 


120194 


I 


1200 


1.0 


358-G29 


Dan 1.5 


100194 


B 


2x1500 


1.0 




Dan 1.5 


100194 


I 


2x900 


1.3 
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Table 1. (Continued) 



Galaxy 


Tel. 


Date 


Band 


Exp. time 


Seeing 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


377-G07 


Dut 0.9 


120493 


B 


2400 


2.2 




Dut 0.9 


100396 


I 


2x1200 


1.2 


383-G05 


Dan 1.5 


080794 


B 


2x1800 


2.0 




Dan 1.5 


080794 


I 


2x900 


1.3 


416-G25 


Dan 1.5 


130194 


B 


2x1500 


1.2 




Dan 1.5 


130194 


I 


2x900 


1.0 


435-G14 


Dut 0.9 


080493 


B 


2400 


1.6 




Dut 0.9 


201293 


B 


1000 


1.7 




Dut 0.9 


201293 


I 


2x900 


1.0 


435-G25 


Dut 0.9 


230493 


B 


5400 


1.9 




Dut 0.9 


231293 


B 


1800 


1.8 




Dut 0.9 


311293 


B 


1800 


1.4 




Dut 0.9 


050194 


B 


1800 


1.5 




Dut 0.9 


060194 


B 


1800 


1.3 




Dut 0.9 


230493 


I 


2x300 


1.7 




Dut 0.9 


231293 


I 


2x900 


1.3 




Dut 0.9 


060194 


I 


2x900 


1.2 


435-G50 


Dan 1.5 


100194 


B 


2x1500 


1.2 




Dan 1.5 


100194 


I 


2x900 


1.1 


437-G62 


Dut 0.9 


040195 


B 


2x1800 


1.3 




Dut 0.9 


040195 


I 


2x1200 


1.0 


444-G21 


Dut 0.9 


180493 


B 


2400 


1.6 




Dut 0.9 


230396 


I 


2x1200 


1.2 


446-G18 


Dan 1.5 


090794 


B 


2x1800 


1.2 




Dan 1.5 


090794 


I 


2x900 


1.1 


446-G44 


Dan 1.5 


110794 


B 


2x1800 


1.1 




Dut 0.9 


140396 


I 


2x1200 


1.2 


460-G31 


Dan 1.5 


080794 


B 


900 


1.2 




Dan 1.5 


100794 


B 


2700 


1.3 




Dan 1.5 


080794 


I 


2x900 


1.5 


487-G02 


Dan 1.5 


090194 


B 


2x1500 


1.3 




Dan 1.5 


090194 


I 


2x900 


1.1 


500-G24 


Dan 1.5 


130194 


B 


2x1500 


1.2 




Dan 1.5 


130194 


I 


2x900 


1.0 


505-G03 


Dut 0.9 


280493 


B 


2400 


1.3 




Dut 0.9 


010496 


I 


2x1200 


1.3 


506-G02 


Dut 0.9 


280493 


B 


2400 


1.2 




Dut 0.9 


280493 


I 


300 


1.0 


509-G19 


Dan 1.5 


100794 


B 


2x1800 


1.3 




uan _l.o 






z x yuu 


1 .u 


531-G22 


Dut 0.9 


270994 


B 


2x1800 


1.6 




Dut 0.9 


270994 


I 


2x1200 


1.5 


555-G36 


Dan 1.5 


130194 


B 


2x1500 


1.2 




Dan 1.5 


130194 


I 


2x900 


1.1 


564-G27 


Dut 0.9 


211293 


B 


2400 


1.4 




Dut 0.9 


221293 


B 


1800 


1.7 




Dut 0.9 


211293 


I 


2x900 


1.4 




Dut 0.9 


221293 


I 


2x900 


1.3 



measurements of optical luminosity profiles, either radially, 
vertically, or azimuthally averaged are available, although 
they are not sufficiently well documented to prove useful 
for a detailed comparison to our photometry. Fortunately, 
however, Mathewson et al. (1992) and Mathewson & Ford 
(1996), as well as Barteldrees & Dettmar (1994) have pub- 
lished detailed photometry of a significant fraction of our 
sample galaxies. From the detailed comparison of our pho- 
tometry to theirs, as discussed in the following sections, our 
main conclusion is that, within the observational errors, we 
can reproduce the results published in the literature. 
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Table 2. Calibration transformation coefficients obtained 
for the different observing runs. 



Pass- 
band 
(1) 


zero point colour coeff. extinction 
offset (mag/airmass) 
(2) (3) (4) 


B 
1 


April 1993, Dutch 0.92m telescope 
20.721 ± 0.109 0.110 ± 0.032 0.221 ± 0.030 
20.606 ± 0.083 -0.037 ± 0.015 0.097 ± 0.030 


December 1993/Jamiary 1994, Dutch 0.92m telescope 
B 20.982 ± 0.087 0.111 ± 0.027 0.242 ± 0.045 
I 20.853 ± 0.048 -0.036 ± 0.013 0.104 ± 0.029 


B 
1 


January 9-13, 1994, Danish 1.54m telescope 
22.331 ± 0.040 0.124 ± 0.031 0.105 ± 0.030 
22.351 ± 0.040 -0.035 ± 0.022 0.021 ± 0.013 


B 
1 


July 9-13, 1994, Danish 1.54m telescope 
22.984 ± 0.056 0.157 ± 0.006 0.308 ± 0.051 
22.497 ± 0.028 -0.042 ± 0.018 0.030 ± 0.022 


September /October 1994, Dutch 0.92m telescope 
B 21.232 ± 0.059 0.058 ± 0.027 0.210 ± 0.042 
I 20.972 ± 0.048 -0.060 ± 0.018 0.064 ± 0.023 


B 
1 


January 1995, Dutch 0.92m telescope 
20.900 ± 0.043 0.144 ± 0.030 0.242 ± 0.449 
20.896 ± 0.017 -0.025 ± 0.015 0.065 ± 0.023 


1 


March 1996, Dutch 0.92m telescope 
20.928 ± 0.031 -0.037 ± 0.018 0.093 ± 0.032 


K 


July 9-12, 1994, ESO/MPI 2.2m telescope 
20.772 ± 0.088 0.002 ± 0.035 


February 24-26, 1995, ESO/MPI 2.2m telescope 
K 20.697 ± 0.080 0.003 ± 0.029 



Note: 

1 ) Although the errors in the zero-point offsets quoted may be 
considerable, the errors obtained on the individual nights were 
significantly smaller. Therefore, the latter were used for the data 
reduction. 



In de Grijs et al. (1997) we compared our observations 
of the large southern edge-on galaxy ESO 435-G25 in the 
near- infrared K band with those of Wainscoat et al. (1989). 
Although our observations of ESO 435-G25 are of a much 
higher quality and were taken with a much higher resolution, 
we find remarkably good agreement between Wainscoat et 
al.'s (1989) and our _R"-band observations. 

2.1.2.1 Comparison with Mathewson et al. (1992) 

A large and homogeneous set of observations of southern 
Sb-Sc galaxies has been published recently by Mathewson et 
al. (1992) and Mathewson & Ford (1996), of which we used 
their azimuthally averaged luminosity profiles for a detailed 
comparison with our observations, see Fig. 3 of de Grijs et 
al. (1997). Unfortunately, since Mathewson et al. (1922) and 
Mathewson & Ford (1996) did not tabulate the ellipticities 
nor the position angles used for the individual ellipses ob- 
tained for each galaxy, we can at best compare azimuthally 
averaged profiles which were obtained with the same free 
parameters. 

In general, we find that the differences between our and 



Table 3. Details of the observations used for the internal 
consistency check of Fig. Ill 

Columns: (1) Panel of Fig. [if ( 2 ) Galaxy name (ESO-LV); (3) 
Passband; (4) and (5) Telescope used (Dan = Danish 1.54m; Dut 
= Dutch 0.92m) and date of observation (ddmmyy) 



Figure 


Galaxy 


JDdllQ 




Telescope / date 




^rjoU ) 




(Profile 1) 


(.r ronlc z J 


{-] } 










V>) 


(a) 


235-G53 


I 


Dan 


120794 


Dut 170396 


0>) 


235-G53 


1 


Dut 


170396 


Dut 210396 


(c) 


240-G11 


B 


Dut 


051094 


Dut 061094 


(d) 


240-G11 


I 


Dut 


051094 


Dut 061094 


(e) 


263-G15 


I 


Dan 


100194 


Dan 110194 


(f) 


263-G15 


1 


Dan 


100194 


Dan 130194 


(9) 


435-G14 


B 


Dut 


080493 


Dut 201293 


(h) 


435-G25 


B 


Dut 


230493 


Dut 231293 


ft) 


435-G25 


B 


Dut 


311293 


Dut 050194 


0) 


435-G25 


B 


Dut 


311293 


Dut 060194 


(k) 


435-G25 


B 


Dut 


311293 


Dut 230493 


(I) 


435-G25 


I 


Dut 


230493 


Dut 231293 


(m) 


435-G25 


I 


Dut 


230493 


Dut 060194 


(n) 


460-G31 


B 


Dan 


090794 


Dan 110794 


(o) 


564-G27 


B 


Dut 


211293 


Dut 221293 


(V) 


564-G27 


1 


Dut 


211293 


Dut 221293 



Mathewson's measurements are small, although clear devi- 
ations are appreciated in a number of cases. In particular 
for those galaxies for which the difference between our and 
Mathewson's profiles is relatively large, we used the individ- 
ual observations to check our results. 

2.1.2.2 Comparison with Barteldrees & Dettmar 
(1994) Barteldrees & Dettmar (1994) presented detailed 
optical surface photometry for a sample of 27 edge-on disc 
galaxies, which has 8 galaxies in common with our sample. 
The observations were done in the Thuan & Gunn (1976) g 
and r bands, for which the transformation to the Johnson 
B band is obtained as follows (Barteldrees & Dettmar 1994; 
Thuan & Gunn 1976): 

g = B- 0.423(B — R) — 0.14 (2) 
and 

r = B - 1.78(B - V) + 0.37 (3) 

We extracted surface brightness profiles along the galax- 
ies' major axes, and compared these to the major axis pro- 
files plotted by Barteldrees & Dettmar (1994). To do so, we 
calculated the transformations from the standard Johnson 
B band to Thuan & Gunn (1976) g and r band, using B-V 
and B-R colours taken from the ESO-LV. The resulting dif- 
ference profiles are shown in Fig. |§| The close agreement re- 
sulting from this comparison leads us to the conclusion that 
our photometry reproduces that of Barteldrees & Dettmar 
(1994) to within the observational uncertainties. 



3 APPROACH 



© 1998 RAS, MNRAS 000, 000-000 



The global structure of galactic discs 7 




Position / / major axis (") 

Figure 3. Comparison between major axis r (and g)-band profiles published by Barteldrees & Dettmar (1994), and those extracted from 
our observations. The width of our major axis profiles was chosen to be in the order of the seeing FWHM, since Barteldrees & Dettmar 
(1994) did not specify this. 

3.1 Determination of the exponential scale length 

Knapen & van der Kruit (1991), among others, have shown 
that the scale lengths of a particular galaxy, determined by 
different authors, may vary by » 20%. The scale length 
determinations depend heavily on the radial fitting range, 
which is due to the fact that in general the radial profiles 
are not exactly exponential. Moreover, a patchy dust distri- 
bution in a particular galaxy can easily lead to varying es- 
timates of the scale length, depending on the way the data 
is reduced (e.g., Giovanelli et al. 1994). 

Since we wish to compare scale lengths determined in 
different passbands within and among galaxies, we need to 
choose the radial regions over which the disc exponential 
scale lengths are fitted in a consistent way. 



The method that is generally used to determine the 
scale lengths of disc galaxies is by applying a bulge-disc de- 
composition algorithm to the azimuthally (elliptically) aver- 
aged radial luminosity profiles. However, when dealing with 
highly inclined or edge-on galaxies, the results from this 
technique start to be affected by the vertical as well as the 
radial luminosity components, which are characterised by 
significantly different scale parameters. Since the vertical 
scale height in a typical disc galaxy is generally an order 
of m agnitude smaller than the radial scale length (see Sect. 
[4.l[ ), the scale lengths derived from elliptically averaged lu- 
minosity profiles will be smaller than the true scale lengths. 

Also, due to line-of-sight integration, the projection of 
a radially exponential disc will be a function of the form 
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Figure 2. Comparison of near-infrared minor axis profiles ob- 
tained on different nights or with different telescopes, (a) K'- 
band observations of ESO 263-G15, observed on February 24 and 
25, 1995; (b) Observations of ESO 286-G18 in K' , observed on 
July 9 and 11, 1995; (c) X'-band observations of ESO 446-G18, 
obtained on July 9 and 12, 1995. 



L(R) = L [R/h R )K x {R/h R ) 



(4) 



(van der Kruit & Searle 1981a), where Lo is the central sur- 
face luminosity, R the galactocentric distance, h R the radial 
scale length, and K\ the modified Bessel function of the first 
kind, which simplifies to 



(R/h R )Ki(R/hi 



{R/h R )K x {R/h R ) = 



l + ^-HR/2h R ), 
(R/h R < 1); 

(R/h R > 1). 



(5) 



(6) 



in the limits. This means that the projected radial lumi- 
nosity profile will be flattened towards the galaxy centre. 
Therefore, unless the projected scale lengths are obtained 
from the outer parts of the discs only, where R/h R ^> 1, the 
resulting scale lengths will be estimated too large. 

If a strong dust lane is present, the ellipse fitting is 
severely hampered by extinction effects that are hard to deal 
with numerically. It is generally assumed that the dust in 
a galaxy is, just like the stars, distributed in a disc with 
an exponentially decreasing density as a function of radius, 
although with a smaller scale height than that of the stellar 
component (e.g., Disney et al. 1989). Physically, this means 
that extinction plays a more prominent role near the galaxy 
centre than in the outer parts, thus resulting in an observed 
stellar scale length that is larger than the intrinsic scale 
length. 

Although these effects counteract each other, the net 
result for a given galaxy depends on both the scale parame- 
ter ratio and the amount of dust, which both correlate with 



galaxy type (see, e.g., Sect. [0] and de Grijs et al. 1997). 
However, since the effects are not yet physically well un- 
derstood, one should try to avoid using the scale lengths 
obtained from elliptically averaged luminosity profiles. 

Alternatively, one can determine the scale lengths from 
luminosity profiles extracted at some distance from the 
galaxy planes and parallel to the galaxies' major axes. The 
main advantage of this method is that these profiles are 
less affected by dust than the elliptically averaged profiles. 
Moreover, if we assume that the disc thickness is constant 
to first order, as was argued in Sect. 1.1 (see also de Grijs & 
van der Kruit 1996; de Grijs & Peletier 1997), the intrinsic 
scale length obtained from the old-disc population at some 
distance from the plane will be essentially the same as the 
one at lower z distances. In the plane the situation becomes 
more complex due to the presence of a young stellar popu- 
lation. However, the young population is generally confined 
to the region very close to the plane, and likely has a scale 
height of only ~ lOOpc (e.g., Hamabe & Wakamatsu 1989). 



3.2 Determination of the exponential scale height 

In the analysis of the vertical light distribution we distin- 
guished between the different sides of the galaxy planes, to 
avoid possible dust contamination in the case of not perfectly 
edge-on orientations. In de Grijs & van der Kruit (1996) the 
basic reduction process was described in detail. 

In de Grijs et al. (1997) we show that the vertical pro- 
files are more peaked than expected for an isothermal distri- 
bution, and only marginally less peaked than exponential. 
The analysis shows that we can safely approximate the pro- 
file's shape with an exponential distribution at z heights 
greater than 1.5 scale heights. We fitted the vertical profiles 
out to 4 scale heights, thereby taking into account the possi- 
ble presence of underlying thick disc components. Compar- 
ison for 24 galaxies with the I-K colour images in de Grijs 
et al. (1997) shows that in this vertical region the contam- 
ination of the stellar light by dust extinction can also be 
considered to be negligible. 

Furthermore, in this vertical region the results obtained 
from the B and the /-band data do not differ significantly 
(de Grijs & Peletier 1997). Thus, in this region both the red 
and the blue light is dominated by the old-disc population, 
and the vertical luminosity profiles are not affected by, e.g., 
dust or the contribution of a young stellar population. 



4 RESULTS 

In Table ^ we present the B, I, and K-hanA scale lengths 
of our sample galaxies determined from luminosity profiles 
extracted at positions parallel to the major axes. To obtain 
these scale lengths, we applied a least-squares minimization 
algorithm to the luminosity profiles between 1 and 4 if-band 
radial scale lengths, unless indicated otherwise. The errors 
we quote are realistic rather than statistical in the sense that 
they represent the possible deviations from the mean if the 
radial fitting range is varied. 

To obtain luminosity profiles representative of the light 
distributions parallel to the galaxies' major axes, we decided 
to extract them at those z distances, on the least dusty side 
of the planes, where the effects of dust extinction are greatly 
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Table 4. Scale parameters of the sample galaxies 

Columns: (1) Galaxy name (ESO-LV); (2) and (3) /-band exponential scale height (the errors are of order 0."03); (4)— (7) B-band 
exponential scale length and measurement error; (8)-(ll) /-band exponential scale length and measurement error; (12)— (15) X'-band 
exponential scale length and measurement error; (16); Maximum rotational velocity (Mathcwson et al., 1992). 

All values were obtained using a radial fitting range between 1 and 4 K-band scale lengths, h R ^K (I-band if no K-band data was available). 



Galaxy B band I band K band 



name h z j h R>B ± h R>B ± h R>I ± h R>I ± h R>K ± h R: K ± i>rot,max 

(ESO) (") (h- 1 kpc) (") (h- 1 kpc) (") (h- 1 kpc) (") (h- 1 kpc) (km s- 1 ) 

(6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) 

26.21 2.94 2.95 0.33 18.69 2.05 2.10 0.23 100 
22.12 1.23 4.21 0.23 — — — — 113 
35.16 1.80 6.07 0.31 37.75 2.10 6.52 0.36 182 

173.23 27.92 3.61 0.58 

60.91 6.91 9.80 1.11 42.12 14.36 6.78 2.31 106 

37.42 3.01 2.63 0.21 25.98 4.87 1.83 0.34 87 

35.49 0.79 3.49 0.08 29.75 1.15 2.93 0.11 121 

38.53 0.99 2.50 0.06 36.19 1.78 2.35 0.12 91 

21.98 0.42 4.72 0.09 19.62 0.82 4.21 0.18 165 

21.22 1.08 1.57 0.08 116 

23.45 3.64 5.74 0.89 

41.34 1.57 6.79 0.26 241 

36.09 2.03 3.87 0.22 32.24 2.15 3.45 0.23 

24.27 1.59 4.59 0.30 

24.96 0.82 4.07 0.13 176 

17.55 0.46 8.01 0.21 15.57 0.69 7.10 0.31 323 

17.70 0.34 2.10 0.04 

28.74 0.46 1.18 0.02 29.26 0.85 1.21 0.04 

19.36 1.30 4.26 0.29 18.16 5.52 4.00 1.21 

13.80 0.27 1.89 0.04 145 

11.59 0.70 1.99 0.12 

14.69 0.37 1.91 0.05 149 

13.40 0.23 1.95 0.03 99 

16.87 0.61 2.00 0.07 12.28 0.77 1.45 0.09 96 

13.10 0.20 0.97 0.01 

12.88 0.32 1.04 0.03 14.73 0.90 1.19 0.07 160 
33.85 4.65 — 
28.18 1.39 

11.28 0.49 
16.66 0.55 

51.25 2.17 
14.40 0.46 
25.77 0.84 
15.94 1.82 

16.60 0.36 
27.88 1.08 

26.26 1.92 
21.66 0.39 

17.35 0.31 

37.46 3.79 
22.44 2.98 
17.39 1.14 

21.27 0.82 

9.43 0.73 37.96 1.08 

2.39 0.13 18.40 0.36 



(1) 


(21 


f3) 


C41 


(5) 


026-G06 


3.40 


0.38 


31.84 


4.70 


033-G22 1 


2.45 


0.47 


40.52 


3.42 


041-G09 


4.42 


0.76 


42.62 


2.74 


074-G15 2 


10.84 


0.22 


231.68 


48.82 


138-G14 2 


7.21 


1.16 


107.67 


22.44 


141-G27 


4.16 


0.29 


49.87 


5.00 


142-G24 


5.78 


0.57 


45.44 


1.26 


157-G18 


5.01 


0.33 


49.22 


2.29 
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3.01 


0.65 


31.08 


0.81 


202-G35 


3.44 


0.26 


24.40 


2.44 


235-G53 


6.07 


1.49 


29.92 


8.12 


240-G11 


3.77 


0.62 


67.87 


4.24 


263-G15 


3.49 


0.37 


60.35 


6.40 


263-G18 


2.95 


0.56 


32.85 


2.56 


269-G15 


3.30 


0.54 


33.30 


1.16 


286-G18 


3.65 


1.67 


20.19 


0.76 


288-G25 1 


3.46 


0.41 


19.18 


0.37 


311-G12 


6.05 


0.28 


28.53 


0.38 
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0.88 
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377-G07 
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— 
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36.78 


3.17 
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3.47 


0.96 
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0.66 
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0.52 


25.71 
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4.98 


0.57 


88.08 
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0.27 
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0.74 
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0.84 
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0.06 
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3.00 


0.10 
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0.15 
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0.25 


44.09 
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0.05 










79 


3.20 


0.10 


21.52 


0.64 


2.67 


0.08 




2.97 


0.34 










109 


3.99 


0.09 


14.27 


0.43 


3.43 


0.10 


190 


4.38 


0.17 


18.91 


0.45 


2.97 


0.07 
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6.81 


0.50 


19.01 


1.35 


4.93 


0.35 
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2.19 


0.04 
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0.57 
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0.06 
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1.80 


0.03 


19.73 


0.79 


2.05 


0.08 




2.36 


0.24 
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5.39 
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208 
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0.58 
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0.15 
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5.71 


0.26 


162 


1.74 
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Notes: 

1 These galaxies show an additional component, a "lens", with a luminosity profile in between the bulge and the disk component. The 
fits were applied to the following fitting ranges: ESO033-G22 — 2-4 h RJ ; ES0288-G25 - 2-6 h RJ ; ES0358-G29 and ES0416-G25 - 
2-6 h R>K . 

2 These galaxies are either greatly affected by foreground stars (ES0138-G14, fits between 2 and 4 h R x, and ES0555-G36), have a 
disk that cannot be approximated well by an exponential luminosity decline (ESO487-G02, fits between 1 and 3 /i_R,if ), or show a very 
irregular radial profile (ESO074-G15, fits between and 2 h R j) 
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Figure 4. Comparison between the scale lengths determined using elliptically averaged luminosity profiles (/i<band> ell) an d profiles 
extracted parallel to the galaxies' major axes (fe<band>,par)- The dashed lines indicate the locus of the data points if there were no 
difference between the two methods. 
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Figure 5. Comparison of our B- and /-band magnitudes to those 
published in the RC3 (B band) and by Mathewson et al. (1992, I 
band). The dashed line indicates the locus of equality. 



reduced. In choosing these distances we were limited by the 
signal-to-noise ratio in the K band. The best choice for the 
z distance to extract the profiles from turned out to be be- 
tween TO and 1.5 vertical scale heights. Although the in- 
fluence of the central dust lane is greatly reduced at these 
distances from the planes, it is not (yet) completely negligi- 
ble. 

We used heliocentric velocities obtained by Mathew- 
son et al. (1992) for the majority of our sample galaxies 
to base the calculation of our distance-dependent parame- 
ters on. The effects of the large-scale Hubble expansion were 
corrected for using Richter et al.'s (1987) formalism, which 
supposedly yields highly reliable values (Schmidt & Boiler 
1992). 

As already touched upon in Sect. 3.1, since the effects 



that influence the determination of the scale lengths from el- 
liptically averaged luminosity profiles of edge-on disc galax- 
ies are not well understood, and may even be dependent 
on galaxy type, they should preferably not be used in an 
analysis involving global scale parameters. To assess the im- 
portance of the effects discussed in Sect. 3.1, in Fig. W we 



compare the scale lengths derived from our sample galaxies 
using both methods. We notice clear systematic effects in all 
passbands, in the sense that the scale lengths obtained from 
the "elliptical" profiles are generally larger than those de- 
termined from the "parallel" profiles. The effect is smallest 
in the near-infrared, indicating that it is probably caused by 
dust contamination. 

Although the ellipse fits should preferably not be used 
to derive scale parameters from the observed galaxy images, 
they are useful in providing estimates for the (edge-on) cen- 
tral surface brightnesses of galaxy discs. In Table ^ we tab- 
ulate the extrapolated edge-on disc central surface bright- 
nesses. 

The calibration of the observations was discussed in de 
Grijs et al. (1997). It was shown that our data agree suffi- 
ciently well in detail with those published previously. Here 
we present, in Table [], the apparent magnitudes in the B, I, 
and K bands of the total galaxies as well as those of the disc 
components only. The apparent disc magnitudes are based 
on model discs obtained from ellipse fits to the outer galaxy 
isophotes. 

In Fig. |B| we compare the (total) apparent B and /-band 
magnitudes with literature values; we took the apparent B- 
band magnitudes from de Vaucouleurs et al. (1991, RC3), 
and the apparent /-band magnitudes from the observations 
by Mathewson et al. (1992). Especially our determinations of 
the /-band apparent magnitudes agree rather well with those 
determined by Mathewson et al. (1992): the mean deviation 
between our and Mathewson et al.'s (1992) magnitude de- 
terminations is —0.07 ± 0.13 mag (based on a comparison 
of 30 galaxies); in the B band a larger scatter (of 0.45 mag, 
for 43 galaxies) between our and the RC3 determinations 
was found, although we do not detect a systematic differ- 
ence between our apparent B-band magnitudes and the RC3 
magnitudes (the mean deviation equals —0.09 mag). 

In Table [| we also present the absolute magnitudes in 
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Table 5. Extrapolated central surface brightnesses 

All values were obtained using a radial fitting range between 1 
and 4 R"-band scale lengths, hji x (/-band if no .ft'-band data was 
available) . 



Galaxy MO.B 
(ESO-LV) 

(1) (2) 



MO,/ 



± 



W>, if 



(B, 
(3) 



K mag arcsec 2 ) 
(4) (5) (6) 



± 



026-G06 


22 


16 


0.15 


20 


11 





14 


17 


54 





10 


033-G22 


22 


37 


0.41 


20 


66 





•51 










041-G09 


22 


28 


0.22 


19 


•11 





10 


16 


45 





05 


074-G15 


21 


13 


0.18 


19 


•55 





08 










138-G14 


20 


70 


0.10 


19 


51 





07 


18 


34 





52 


141-G27 


21 


55 


0.06 


19 


66 





06 


17 


11 





03 


142-G24 


20 


12 


0.09 


19 


12 





17 


17 


37 





12 


157-G18 


21 


25 


0.08 


19 


29 





07 


16 


02 





04 


201-G22 


19 


36 


0.67 


18 


28 





11 










202-G35 


22 


81 


0.28 


22 


02 





87 










235-G53 


21 


64 


0.13 


19 


16 





12 










240-G11 


21 


94 


0.17 


18 


82 





15 


15 


77 





13 


263-G15 


22 


08 


0.23 


19 


49 





24 










263-G18 


21 


42 


0.17 


18 


83 





08 










269-G15 


21 


54 


0.17 


19 


33 





11 


16 


31 





1 1 


286-G18 


20 


03 


0.18 


18 


53 





30 




— 




— 


288-G25 


20 


14 


0.10 


18 


04 





04 


15 


•53 





19 


311-G12 


23 


10 


0.21 


19 


72 





32 


15 


98 





12 


315-G20 


19 


92 


0.18 


18 


•51 





36 










321-G10 


21 


43 


0.32 


19 


75 





28 




— 




— 


322-G73 


21 


41 


0.45 


18 


95 





45 










322-G87 


21 


12 


0.10 


20 


18 





17 




— 




— 


340-G08 


20 


31 


0.43 


21 


15 





17 


19 


19 





•59 


340-G09 


18 


21 


0.06 


16 


16 





05 




— 




— 


358-G26 


19 


13 


0.19 


17 


36 





22 


15 


66 





36 


358-G29 


22 


22 


0.62 


20 


95 





52 




— 




— 


377-G07 


22 


60 


0.13 


19 


92 





12 


16 


21 





10 


383-G05 


21 


59 


0.38 


19 


17 





30 


16 


18 





65 


416-G25 


20 


65 


0.09 


18 


44 





08 


15 


84 





26 


435-G14 


21 


69 


0.22 


18 


73 





24 


15 


49 





11 


435-G25 


20 


51 


0.05 


19 


73 





05 










435-G50 


20 


37 


0.33 


18 


13 





05 


15 


20 





09 


437-G62 


20 


86 


0.39 


20 


57 





26 










444-G21 


20 


90 


0.09 


18 


78 





13 


15 


40 





09 


446-G18 


20 


96 


0.09 


18 


74 





05 


15 


79 





03 


446-G44 


22 


19 


0.20 


19 


82 





09 


16 


93 





12 


460-G31 


20 


53 


0.06 


18 


64 





07 


15 


83 





12 


487-G02 


19 


54 


0.04 


17 


84 





06 


15 


79 





06 


500-G24 


20 


58 


0.08 


19 


39 





18 










505-G03 


20 


46 


0.11 


18 


39 





13 










506-G02 


21 


59 


0.09 


18 


83 





07 


15 


61 





04 


509-G19 


20 


77 


0.23 


19 


54 





24 










531-G22 


21 


73 


0.11 


20 


54 





15 










555-G36 


23 


26 


0.37 


19 


60 





30 


16 


96 





11 


564-G27 


21 


34 


0.11 


20 


29 





13 











the / and K bands, Mi and Mk- We did not include the B- 
band absolute magnitudes, as those are too heavily affected 
by the internal dust extinction to be reliable. 



4.1 Scale parameter ratios 

Fig. shows the dependence of the scale parameter ratio on 
galaxy type; we have also plotted the average scale parame- 
ter ratios per galaxy type. We notice a correlation between 
the hn/zo ratio and revised Hubble type, in the sense that 




2 4 6 

Revised Hubble Type (T) 

Figure 6. Dependence of the hn/zo ratio on galaxy type for 
both /-band data (filled dots) and i-f-band observations (open 
circles). The filled squares show the /-band ratios averaged over 
the type bins indicated by the horizontal bars; the errors indicate 
the standard deviations of the distribution. 



galaxies become systematically thinner when going from SO's 
to Sc's (T = 5), whereas the later types (Sd's, T = 7) seem 
to be at least as thin as the Sc's. 

Although a correlation between the hn/zo ratio and the 
rotation velocity was expec ted , based on the qualitative ar- 
guments presented in Sect. 



1.1 



,.. , . jj, we do not find any evidence 

for such a dependence (Fig. Ma), nor do we find any evi- 
dence for a relationship between the hu/zo ratio and the 
absolute magnitudes (Fig. |^b). In other words, the theo- 
retical prediction that the scale parameter should decrease 
rapidly from faint galaxies to a constant level for normal 
and bright galaxies (Bottema 1993) could not be confirmed 
observationally. This implies that either the relationship is 
weak, i.e., smaller than the observational scatter, or the un- 
derlying assumptions (of, e.g., a constant (M/L)b, and a 
linear relationship between the old-disc absolute magnitude 
and the disc vertical velocity dispersion) either have a large 
intrinsic scatter themselves or are not valid. 



4.2 Radial colour gradients 

As we argued in Sect 



1.2.2 



one can study radial colour 
gradients within galaxies by comparing scale lengths deter- 
mined in different passbands. In Fig. H we show the scale 
length ratios (indicating radial colour gradients) obtained 
for our sample galaxies. 

In Table [j] we present the mean scale length ratios, both 
for our total sample and for the galaxies of type T > 2. 

The main conclusion that we draw in de Grijs et al. 
(1997), based on the "elliptical" / versus /C-band scale length 
ratios, still holds firmly, namely that on average the colour 
gradients indicated by the scale length ratios increase from 
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Table 6. Photometric characteristics of the sample galaxies 

Columns: (1) Galaxy name (ESO-LV); (2)-(5), (6)-(9), (10)-(13) Apparent magnitudes of the total galaxy and the disk component only, 
and the lcr observational errors, for the B, I and K bands (both determined in Chapter 6), respectively. The systematic errors due to 
variations in the photometric accuracy are of order 0.07 mag in B, 0.04 mag in 7, and 0.08 mag in K\ (14)-(16) Galactic extinction in the 
B band (taken from the RC3), the / and the K bands, respectively; (17)-(18) I and if-band absolute magnitudes, corrected for Galactic 
extinction (The B-band absolute magnitudes are generally heavily affected by dust extinction and have therefore not been included). 



Galaxy B-band magnitudes /-band magnitudes if-band magnitudes Aq b ^G,l ^G,k Mj JV£^ 

(ESO) total ± disk ± total ± disk ± total ± disk ±~~ (B, I, if mag) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) 



026-G06 


15.68 


0.08 


15.80 


0.08 


13.24 


0.02 


13 


48 


0.08 


11 


50 





09 


11 


69 





10 


0.47 


0.17 


0.04 


-18 


76 


-20 


37 


033-G22 


15.37 


0.08 


15.51 


0.03 


14.03 


0.01 


14 


33 


0.06 


















0.43 


0.16 


0.04 


-19 


10 






041-G09 


13.52 


0.01 


13.52 


0.01 


12.21 


0.01 


12 


21 


0.03 


















0.62 


0.23 


0.05 


-20 


78 






138-G14 


14.85 


0.03 


15.20 


0.05 


14.01 


0.01 


1 1 


37 


0.03 


















0.60 


0.22 


0.05 


-18 


82 






141-G27 


14.57 


0.03 


14.57 


0.03 


12.71 


0.02 


12 


83 


0.04 


10 


57 





12 


10 


57 





12 


0.21 


0.08 


0.02 


-18 


18 


-20 


26 


142-G24 


14.43 


0.03 


14.43 


0.03 


12.30 


0.01 


12 


30 


0.03 


10 


56 





16 


10 


56 





16 


0.25 


0.09 


0.02 


-19 


33 


-21 


00 


157-G18 


13.72 


0.04 


13.72 


0.04 


12.29 


0.02 


12 


29 


0.02 


9 


79 





50 


9 


79 





50 


0.00 


0.00 


0.00 


-18 


35 


-20 


85 


201-G22 


14.06 


0.07 


14.06 


0.07 


13.10 


0.03 


13 


10 


0.05 


10 


34 





16 


10 


34 





16 


0.00 


0.00 


0.00 


-20 


13 


-22 


89 


202-G35 


12.71 


0.02 


12.71 


0.02 


11.79 


0.02 


11 


79 


0.04 


















0.00 


0.00 


0.00 


-19 


13 






235-G53 


14.37 


0.02 


15.46 


0.06 


12.45 


0.01 


13 


19 


0.04 


















0.09 


0.03 


0.01 


-21 


10 






240-G11 


13.44 


0.11 


13.66 


0.11 


11.11 


0.16 


11 


50 


0.06 




— 




— 




— 




— 


0.04 


0.01 


0.00 


-21 


55 






263-G15 


14.22 


0.08 


14.22 


0.08 


11.19 


0.01 


11 


19 


0.01 


9 


09 





15 


9 


09 





15 


1.24 


0.45 


0.11 


-20 


98 


-22 


74 


263-G18 


14.29 


0.12 


14.33 


0.12 


11.70 


0.02 


13 


22 


0.11 




— 




— 




— 




— 


0.62 


0.23 


0.05 


-21 


19 






269-G15 


14.16 


0.13 


14.16 


0.13 


12.15 


0.02 


12 


15 


0.04 




— 




— 




— 




— 


0.47 


0.17 


0.04 


-20 


65 






286-G18 


14.90 


0.05 


14.90 


0.05 


12.21 


0.01 


12 


21 


0.03 


10 


45 





38 


10 


45 





38 


0.07 


0.03 


0.01 


-22 


69 


-24 


43 


288-G25 


13.73 


0.05 


13.73 


0.05 


11.62 


0.01 


11 


62 


0.03 




— 




— 




— 




— 


0.00 


0.00 


0.00 


-20 


33 






311-G12 


12.24 


0.01 


13.32 


0.03 


10.04 


0.01 


10 


85 


0.03 


7 


35 





20 


8 


36 





61 


1.49 


0.54 


0.13 


-20 


15 


-22 


13 


315-G20 


16.25 


0.08 


17.56 


0.40 


12.62 


0.01 


13 


76 


0.07 


9 


19 





78 


11 


03 





98 


0.00 


0.00 


0.00 


-20 


67 


-24 


10 


321-G10 


13.90 


0.13 


14.84 


0.07 


12.05 


0.17 


12 


05 


0.15 


















0.35 


0.13 


0.03 


-20 


34 






322-G73 


13.37 


0.08 


13.68 


0.09 


11.84 


0.02 


12 


26 


0.02 


















0.52 


0.19 


0.04 


-21 


10 






322-G87 


14.24 


0.07 


14.24 


0.07 


12.09 


0.11 


12 


09 


0.11 


















0.49 


0.18 


0.04 


-20 


23 






340-G08 


15.52 


0.09 


16.22 


0.04 


13.77 


0.03 


13 


95 


0.04 


















0.16 


0.06 


0.01 


-18 


68 






340-G09 


15.08 


0.03 


15.08 


0.03 


13.62 


0.07 


13 


62 


0.07 


11 


34 





63 


11 


34 





63 


0.20 


0.07 


0.02 


-18 


39 


-20 


62 


358-G26 


12.87 


0.02 


13.11 


0.02 


11.68 


0.01 


12 


84 


0.04 




— 




— 




— 




— 


0.00 


0.00 


0.00 


-19 


23 






358-G29 


12.29 


0.02 


13.14 


0.04 


10.37 


0.01 


11 


08 


0.04 


8 


26 





29 


9 


16 





71 


0.00 


0.00 


0.00 


-20 


73 


-22 


84 


377-G07 


15.49 


0.22 


15.49 


0.22 


13.49 


0.07 


13 


49 


0.09 




— 




— 




— 




— 


0.34 


0.12 


0.03 










383-G05 


14.63 


0.06 


14.87 


0.08 


11.94 


0.02 


12 


62 


0.05 


8 


95 


1 


15 


9 


72 





24 


0.16 


0.06 


0.01 


-20 


78 


-23 


72 


416-G25 


14.42 


0.11 


14.65 


0.04 


12.52 


0.03 


12 


81 


0.05 


10 


35 





76 


11 


38 


1 


12 


0.03 


0.01 


0.00 


-21 


28 


-23 


44 


435-G14 


14.73 


0.09 


14.73 


0.09 


12.56 


0.05 


12 


56 


0.08 


10 


12 





37 


10 


12 





37 


0.18 


0.07 


0.02 


-20 


36 


-22 


75 


435-G25 


12.78 


0.11 


13.23 


0.14 


11.05 


0.03 


11 


54 


0.07 


8 


42 





41 


8 


63 





52 


0.25 


0.09 


0.02 


-20 


92 


-23 


48 


435-G50 


15.74 


0.04 


15.74 


0.04 


14.33 


0.03 


14 


33 


0.05 


















0.29 


0.11 


0.02 


-17 


70 






437-G62 


12.69 


0.03 


13.47 


0.07 


10.72 


0.01 


11 


28 


0.03 


8 


34 





19 


8 


65 





11 


0.31 


0.11 


0.03 


-21 


43 


-23 


73 


444-G21 


15.15 


0.16 


15.15 


0.16 


14.05 


0.02 


11 


05 


0.03 


















0.25 


0.09 


0.02 


-18 


96 






446-G18 


15.12 


0.05 


15.32 


0.06 


12.71 


0.02 


13 


21 


0.04 


10 


17 





42 


10 


84 





42 


0.22 


0.08 


0.02 


-20 


85 


-23 


33 


446-G44 


14.83 


0.03 


14.83 


0.03 


12.51 


0.04 


12 


51 


0.06 


10 


23 





66 


10 


23 





66 


0.29 


0.11 


0.02 


-20 


15 


-22 


34 


460-G31 


14.99 


0.06 


15.39 


0.09 


12.48 


0.02 


13 


28 


0.03 


10 


02 





56 


10 


55 





60 


0.71 


0.26 


0.06 


-21 


42 


-23 


68 


487-G02 


13.40 


0.03 


13.66 


0.04 


11.43 


0.01 


11 


49 


0.03 


8 


84 





39 


9 


05 





82 


0.04 


0.01 


0.00 


-20 


18 


-22 


76 


500-G24 


12.84 


0.02 


13.25 


0.03 


10.92 


0.01 


11 


31 


0.03 


















0.34 


0.12 


0.03 


-20 


85 






505-G03 


13.40 


0.07 


13.40 


0.07 


12.39 


0.02 


12 


39 


0.04 


















0.25 


0.09 


0.02 


-18 


27 






506-G02 


14.13 


0.04 


14.37 


0.27 


12.45 


0.29 


13 


06 


0.11 


















0.46 


0.17 


0.04 


-21 


19 






509-G19 


15.10 


0.06 


15.10 


0.06 


12.32 


0.01 


12 


32 


0.04 


9 


58 





11 


9 


58 





44 


0.21 


0.08 


0.02 


-22 


87 


-25 


55 


531-G22 


13.96 


0.08 


13.96 


0.08 


12.27 


0.03 


12 


27 


0.06 


















0.10 


0.04 


0.01 


-20 


58 






555-G36 


15.45 


0.06 


15.45 


0.06 


14.18 


0.03 


14 


18 


0.06 


















0.47 


0.17 


0.04 










564-G27 


14.36 


0.12 


14.56 


0.12 


12.42 


0.09 


13 


02 


0.11 


9 


72 





34 


9 


72 





31 


0.56 


0.20 


0.05 


-20 


09 


-22 


64 


575-G61 


15.51 


0.19 


15.51 


0.19 


14.49 


0.05 


11 


19 


0.08 


















0.25 


0.09 


0.02 


-17 


05 







type Sb (T = 3) to at least type Scd (T = 6), as is best 
seen in Figs, and b. For galaxy types later than Scd, the 
colour gradients seem to become smaller again, although - 
due to small-number statistics - we cannot draw any firm 
conclusions in that range of galaxy types. 

For the earliest-type sample galaxies (T < 2) we find 
very small colour gradients at these z distances. It is, in fact, 
expected that the intrinsic colour gradients at these heights 



above the planes are smaller than those in the planes, where 
the young population contributes to the luminosity. At these 
z heights we are looking at the old-disc popula tion, w hich is 
very uniform in colour, as was argued in Sect. 



1.2.1 



The results presented in this section are consistent with 
those published previously (e.g., Elmegreen & Elmegreen 
1984; Peletier et al. 1994, 1995a; de Jong 1996a; and others), 
as will be shown in Sect. p. 3. 
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Figure 8. Scale length ratios as a function of revised Hubble type derived from the profiles extracted parallel to the galaxies' major 
axes. The dashed lines indicate the locus of galaxies which do not show any scale length difference between passbands. 
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Figure 7. /-band scale parameters versus (a) the maximum ro- 
tation velocity, and (b) the absolute /-band magnitudes. 



Table 7. Scale length ratios of the sample galaxies 

Columns: (f) Scale length ratio; (2) (Sub)sample used; (4) Num- 
ber of galaxies in the (sub)sample; (5) Resulting scale length ratio 
and standard deviation. 



Gradient 


Galaxy 


Number of 


Mean 




types 


Galaxies 


Ratio 


(1) 


(2) 


(3) 


(4) 


hs/hi 


T > 2 


40 


1.36 ± 0.22 




All types 


45 


1.32 ± 0.24 


h B /h K 


T > 2 


22 


1.65 ± 0.41 




All types 


25 


1.56 ± 0.46 


hi/h K 


T > 2 


22 


1.19 ± 0.17 




All types 


25 


1.15 ± 0.19 



4.3 Correlations between gross galaxy properties 

Since the sample we are dealing with is a diameter-selected 
sample of edge-on disc galaxies, a correction has to be ap- 
plied to the observed parameters to represent a volume- 
limited sample (e.g., Davies 1990). Because the sample 
galaxies were selected to have a minimum blue major axis 
diameter at 25 B-mag arcsec -2 , -D^, of 2. '2, we have created 
a selection bias against low surface brightness galaxies and 
galaxies with small scale lengths. The main implications of 
such a selection bias have been discussed by de Jong (1996b) . 
In Fig. ^ we show the implications of our selection bias with 




Figure 9. Illustration of the effects of sample selection based on 
a diameter limit. The dashed line represents a diameter-selection 
limit (of 2/2) at 25 B-mag arcsec -2 ; the dotted line is the limit 
for a diameter-selection limit at 26 Z?-mag arcsec -2 . 



respect to the disc properties of the observed sample galaxies 
in the (fra,/io) plane. 

The dashed and dotted lines in this figure represent 
the selection limits for a limiting diameter of 2/2, using 
the 25 and 26 ZJ-mag arcsec -2 isophotes, for comparison. 
The diameter-selection criterion used implies that our sam- 
ple should only contain galaxies to the right of the selection 
limit in Fig. H. 

Although our sample selection was based on the D or i g 
diameter tabulated in the ESO-LV catalogue, this diame- 
ter was not determined at exactly the 25 B-mag arcsec -2 
isophote (ESO-LV), but varies with galaxy type. For spiral 
galaxies the diameters correspond to approximately 26 B- 
mag arcsec -2 isophotes; for earlier types the corresponding 
isophotes are in the range from 25.0-25.6 B-mag arcsec -2 . 

As de Jong (1996b) remarks, since the number of galax- 
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ies in the sample will decrease as h R if all galaxies have 
the same scale length, it is not surprising that our sam- 
ple does not contain galaxies with central B-band surface 
brightnesses fainter than about 23 B-mag arcsec -2 . 



4-3.1 Type dependences 

In Fig. [n] we show the distributions of global i<"-band galaxy 
parameters as a function of Hubble type. We did not apply 
an inclination correction to the galaxy parameters, but since 
we are dealing with edge-on galaxies, inclination differences 
do not play a significant role. 

The distribution of (edge-on) K-band disc central sur- 
face brightnesses is rather flat (Fig. |l0^.), although with 
a large scatter. However, the latest-type sample galaxies 
(T > 6) show an indication that their disc central surface 
brightnesses may be fainter than those of the earlier types. 
Most likely, this effect is not the result of dust extinction, 
since the latest-type galaxies are not likely to contain more 
dust tha n th e earlier and intermediate types, as was argued 
in Sect. 4.2. These results are consistent with those of de 



Jong (1996b). 

Fig. [To^ j shows the distribution of the radial scale 
lengths of the galaxy discs, in kpc; we do not notice any 
clear correlation with galaxy type, apart from the observa- 
tion that the earliest-type sample galaxies apparently have 
the smallest scale lengths, with only a small range of possible 
scale lengths compared to the range in the scale length dis- 
tribution for galaxies of type T > 2. De Jong (1996b) noticed 
a possible lack of late-type galaxies with small scale lengths 
for his sample of 86 face-on disc galaxies, but remarked that 
this could be a selection effect. In fact, small galaxies (i.e., 
galaxies with small scale lengths) will have a greater possi- 
bility to be selected in a sample of edge-on galaxies than in 
a face-on galaxy sample, due to the line-of-sight integration 
through the galaxy discs. Therefore, his explanation seems 
to be valid, since we do not detect any lack of late-type disc 
galaxies with small scale lengths in our sample. 

Finally, Fig. [Toj^ shows the distribution of absolute I 
and .ftT-band magnitudes with Hubble type. Since in edge- 
on disc galaxies the luminosity is, at least for the later-type 
galaxies (T > 2), dominated by the disc luminosity, and 
thus the relation between the disc and the total absolute 
magnitude is approximately linear, we could have deduced 
the distribution of absolute magnitudes from Figs. |ic| a and 
b (de Jong 1996b): 



M abs « A/disc OC ^0 - 2.5^(271-/1^) 



(7) 



where fio is the (edge-on) disc central surface brightness, 
and M a bs and Mdisc are the absolute magnitudes of the total 
galaxy and the disc component only, respectively. 

Because the scale length distribution of Fig. [lo| b does 
not show any dependence on type, the distribution of ab- 
solute magnitudes reflects the distribution of central sur- 
face brightnesses with type, again consistent with de Jong 
(1996b). 



4.3.2 Dust 

The distribution of galaxy colours as a function of Hubble 
type (corrected for Galactic foreground extinction) is shown 



in Figs. |ll|a-c for the (B-I)o, (B-K)o, and (I-K)o colours, 
respectively. We show the central disc colours, derived from 
the extrapolated central surface brightnesses, the colours of 
the total galaxy and those of the disc, denoted by different 
symbols. It is clear, that these colours follow the same dis- 
tributions, although the scatter is large. In particular for the 
(B-K)o and (I-K)o colour distributions the colours derived 
from the total apparent magnitudes are systematically red- 
der than the other two colour distributions. This is caused 
by dust, because the disc apparent magnitudes and the cen- 
tral surface brightnesses were obtained from ellipse fits to 
the outer disc regions, where the amount of dust is signifi- 
cantly lower than in the central plane. De Jong (1996b) no- 
tices a clear correlation between the colours of his 86 face-on 
spiral galaxies and galaxy type (but with a large scatter), 
whereas we do not find any such correlation. However, since 
our sample galaxies are heavily contaminated by dust, such 
a correlation, if intrinsic to the galaxies, may well be hidden 
by the interstellar dust. 

In Figs. [n]d-f we present colour-colour diagrams for 
our sample galaxies, for the colours described above. Al- 
though the distributions follow each other closely and the 
correlations are generally tight, the correlation between to- 
tal galaxy colours is systematically offset, again due to dust. 
This evidence is supported by the very red (B-K)o colours of 
most of our galaxies, which are redder than those of bright 
giant ellipticals (with B - K ~ 4.3 [Peletier et al. 1994, 
1995a]). 

Therefore, Fig. [ll] is completely dominated by dust ef- 
fects; intrinsic colour gradients in the discs of galaxies, due 
to either metallicity or age gradients are too small to be 
observable, see also Sect. 



5.3 



5 DISCUSSION 

5.1 Main observational results 

From the statistical analysis of the global structure param- 
eters of our sample of edge-on disc galaxies in the B, I, and 
K bands, in this paper we present the following main obser- 
vational results: 

• We found a correlation between the hn/zo ratio and 
the revised Hubble type (Fig. ^a), in the sense that galaxies 
become systematically thinner when going from SO's to Sc's, 
whereas the later types (later than Sc) seem to be at least 
as thin as the Sc's. 

• On average the colour gradients indicated by the scale 
length ratios increase from type Sa to at least type Scd. For 
galaxy types later than Scd, the colour gradients seem to 
become smaller again. 

• The distribution of (edge-on) i("-band disc central sur- 
face brightnesses is rather flat, although with a large scatter. 
However, the latest-type sample galaxies (T > 6) show an 
indication that their disc central surface brightnesses may 
be fainter than those of the earlier types. Most likely, this 
effect is not the result of dust extinction. 

• We do not find a clear correlation between galaxy type 
and integrated, disc, or central colours. The scatter in the 
distributions is probably caused by dust. 
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Figure 10. Distribution of global ft"-band galaxy properties as a function of galaxy type: (a) Central disc surface brightnesses; (b) disc 
radial scale lengths (in h _1 kpc); (c) Absolute magnitudes of the sample galaxies. 
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5.2 Kinematic constraints from structure analysis 

As was discussed in Sect. [L.l| , once the Hr/zo ratio is known, 
one may be able to determine the maximum rotation of 
a disc from measurements of the vertical disc dispersion, 
although the theoretical predictions are based on assump- 
tions that show large intrinsic scatter themselves. Van der 
Kruit & Searle (1982a) found a mean scale parameter ratio 
of hn/zo = 5.0±1.8 for their sample of 8 edge-on disc galax- 
ies (predominantly later- type spirals) in the optical J band, 



whereas de Grijs & van der Kruit (1996) reported a mean 
ratio of hn/zo = 5.9 ± 0.4 based on the /-band characteris- 
tic length scales in their sample of 7 edge-on disc galaxies. 
These ratios are larger than the mean ratio found in this 
paper ({hn/zo) = 3.7 ± 1.3). 

To fit the observations of the maximum rotational veloc- 
ity of disc-dominated Sc galaxies, hn/ zo needs to be of order 
10 (Bottema 1993). The discrepancy between the observa- 
tional results and the theoretical prediction leads Bottema 
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(1993) to the conclusion that, for realistic Hr/zo ratios, the 
stellar velocity dispersions only allow the disc to have a (the- 
oretical) maximum rotation of on average (63 ± 10)% of the 
observed maximum rotation. This is significantly less than 
implied by results of the so-called maximum disc fits (e.g., 
van Albada & Sancisi 1986) that are widely used to model 
galaxy rotation curves, which predict a maximum-disc rota- 
tion of 85-90% of the observed rotation (Bottema 1993). 

Recent estimates of the scale parameters of our Galaxy 
(e.g., Kent et al. 1991; see Sackett [1997] for an overview), 
yield a scale parameter ratio of (ha/ zo)gh.i = 5.3 ± 0.5, 
which is consistent with the ratios published previously as 
well as with the data for external galaxies presented in this 
paper. However, although this ratio for our Galaxy is sig- 
nificantly less than the value of order 10 required theo- 
retically (Bottema 1993), Sackett (1997) argues that new 
structural and kinematical constraints are consistent with a 
Galactic maximum disc with reasonable mass-to-light ratio, 
of 2 < M/L v < 7. 

In Sect. |4.l| we showed that the hn/zo ratio of our sam- 
ple galaxies correlates with revised Hubble type. This effect 
is not likely to be caused by the presence of a thick disc in 
our earlier-type sample galaxies, since we used the thin disc 
scale parameters to derive the correlation (see also de Grijs 
& Peletier 1997). Part of the effect may be due to the dis- 
tribution of the scale lengths among our sample galaxies, in 
the sense that the earlier-type galaxies tend to have smaller 
scale lengths. Moreover, van der Kruit & Searle (1982a) ar- 
gue that the scale height is linearly dependent on the fraction 
of stellar to gas mass. Under this assumption, it is expected 
that the vertical scale parameter in the later-type galaxies is 
smaller than that for the earlier types. However, we cannot 
confirm this assumption on the basis of our observations. 



5.3 Radial colour gradients and extinction 

In this paper we show that the mean scale length ratios for 
the later-type (T > 2) disc galaxies in our sample range from 
hi/h,K = 1.15±0.19to hs/hK = 1.65±0.41, indicating large 
colour gradients in the discs. When comparing our results 
to those published previously we have to keep in mind the 
nature of our sample: since it consists solely of edge-on disc 
galaxies, the observed scale length ratios can be expected to 
be larger than similar ratios obtained from samples including 
less highly inclined galaxies. 

Most previously published scale length ratios favour 
large colour gradients in galaxy discs: 

• For a large sample of face-on galaxies, Elmegreen & 
Elmegreen (1984) found a mean ratio of hs/hi — 1.16±0.47. 
Using Evans' (1994) models this corresponds to an average 
ratio of B to Tf-band scale length of about 1.32. 

• Peletier et al. (1994, 1995a) present the results of a 
study of 37 Sb and Sc galaxies (uniform in orientation on 
the sky), for which they show that the B to it-band scale 
length ratio varies between 1.2 and 2, with a mean ratio of 
hs/hpc = 1-49 ± 0.29, comparable to our results. 

• From de Jong's (1996a) scale length determinations of 
86 face-on spiral galaxies, we find an average B to K-h&nd 
scale length ratio /is/Ziir = 1.22 ± 0.23 

• From a study of the prototypical dusty galaxy NGC 
253, Forbes & DePoy (1992) find h B /h H = 1-25 ± 0.05. 



Large colour gradients in galaxy discs between B and I band 
have also been reported by Kent (1986). However, from a 
sample of 33 disc galaxies, van der Kruit (1991) reported a 
small scale length ratio between the photographic J and F 
bands, hj/h F = 1.07 ±0.13. 

The main problem when comparing scale lengths and 
scale length ratios determined by different authors is the 
rad ial fitting range used to derive the scale lengths (Sect. 
3.1). However, if scale length ratios are calculated from scale 
lengths determined over the same radial fitting range in each 
passband, the differences between different determinations 
should be ~ 10% at maximum (Peletier et al. 1994). 

Peletier et al. (1994, 1995a, b) argue that scale length 
ratios due to stellar population changes are of order 1.1- 
1.2 in the blue - near-infrared range. Two lines of evidence 
were used to arrive at this result: first, from observations of 
T < 1 type galaxies without much visible dust by Balcells 
& Peletier (1994), it was found that h B lhi = 1.04 ± 0.05, 
corresponding to B to A"-band scale length ratios of at most 
hsjhK = 1-08 ± 0.10, using stellar population models of, 
e.g., Arimoto & Yoshii (1986). From metallicity gradients 
from Hn regions in galaxy discs, Peletier et al. (1994, 1995a) 
argue that hs/fiK is likely of order 1.17, using a simple 
single-age stellar population model. In the / vs. K range 
this contribution is likely to be less. Our observations of 
the scale length ratios in our earliest-type sample galaxies 
(T < 1) support this evidence (Fig. |^). 

Therefore, the observed scale length ratios largely rep- 
resent the galaxies' dust content. 

Although the scale length ratios indicate an increasing 
dust content for galaxy types later than about T = 3 (Sb), 
the data suggests that the distribution of scale length ratios 
flattens or even decreases towards later types, as was also 
found from optical depth measurements (e.g., de Grijs et 
al. 1997). This result is in accordance with the distribution 
found by Peletier & Balcells (1996). 



6 SUMMARY AND CONCLUSIONS 

The main conclusions we can draw from the analysis pre- 
sented in this paper are: 

• We found a correlation (although with a large scatter) 
between the Iir/zo ratio and galaxy type, in the sense that 
galaxies become systematically thinner when going from SO's 
to Sc's, whereas the later types (Sd's) seem to be at least as 
thin as the Sc's, but likely thicker. 

• The average values found for the hn/zo ratio are signif- 
icantly smaller than the theoretical prediction of about 10 
needed for maximum-disc rotation. 

• On average the colour gradients indicated by the scale 
length ratios increase from type Sa to at least type Scd. For 
galaxy types later than Scd, the colour gradients seem to 
become smaller again. 

• The observed scale length ratios (and thus the radial 
colour gradients) largely represent the galaxies' dust con- 
tent. 

• The distribution of (edge-on) K-h&nd disc central sur- 
face brightnesses is rather flat, although with a large scatter. 
However, the latest-type sample galaxies (T > 6) show an 
indication that their disc central surface brightnesses may 
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be fainter than those of the earlier types. Most likely, this 
effect is not the result of dust extinction. 

• We do not find a clear correlation between galaxy type 
and integrated, disc, or central colours. The scatter in the 
distributions is probably caused by dust. 
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